. We have grown the first multilayer structure in collaboration with Wright Lab (Dr. Loehr's group) to investigate these nonlinear processes. The center pump, input and output wavelengths are designed to be 1.06 |im, 1.58 |im, and 3.23 \un. The structure is shown in Fig. 1 . We are currently characterizing this sample using our new laser system. We will grow more samples with different structures to implement these nonlinear processes in collaboration with Naval Research Lab (Dr. Rabinovich's group).
The parametric processes mentioned above will enable us to efficiently generate coherent light in the mid-infrared domain. These processes can be used to generate new frequencies in the vicinity of input one for narrow-band optical communications [4] . There are certain advantages of frequency shifting based on our schemes. We can tremendously reduce the band-to-band absorption of all the beams. A high Q-vertical-cavity can be readily incorporated during growth to enhance the efficiency of the frequency conversion. Even without the presence of a traveling-wave amplifier, there is a gain for sufficiently high pump power.
Effective interaction length is maximized. Our frequency shifters can be integrated with semiconductor lasers. Eventually, our shifters can be electrically pumped and only take one input wave. We can integrate a vertical-cavity surface-emitting laser with transverselypumped counter-propagating difference-frequency generation for an electrically-pumped frequency shifter. In addition, optical signal can be amplified and its phase can be stablized and detected. The parametric processes can be used to perform wavelength-division multiplexing.
We believe after the frequency shifters and phase detectors are implemented, they will eventually make dramatic impact on optical communications.
Recently, we proposed backward optical parametric oscillators, amplifiers, and secondharmonic generation [5] . We periodically poled LiNb0 3 crystals in collaboration with Naval
Research Lab [6] . Most recently, we observed backward second-harmonic generation in these crystals [6] , see Fig. 2 . We will use our new laser system to implement these parametric devices in quasi-CW regime. We will also use this laser system to demonstrate principle operation of several new devices proposed by us recently, such as directional couplers, phase conjugation, self-phase modulation, and power limiters. ave. fundamental input power (mW) Fig. 2 
